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(57) Abstract 

A fast Fourier transform (FFT) window position recovery apparatus in an orthogonal frequency division multiplexing (OFDM) receiver 
is orovided "This apparatus, in an OFDM system receiver which receives an OFDM symbol comprised of a useful data interval and a 
SiSrt interval and Covers an FFT window position, includes: an analog-to-digital converter (ADC) (310) for coning a received 
OFDM signal into a digital complex sample; a symbol start detector (320) for detecting a power ^^amolTs a^ 

samples output by the ADC and detecting apposition ha ving a minimum ab solute^alueot me^r^wer^r^erencc between the samples as 
a Tymbol starting position; and an FFT winfeon^neT lJiU) for activa ting FFT by moving th^OT^mdow position using symbol 
start information detected by the symbol start detector (320). The influence of frequency and phase offsets is reduced by using thejpwer 
difference between adjacent samples delayed by the usefuldata interval, thus improving the reliability of a system. 
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FFT WINDOW POSITION RECOVERY APPARATUS AND METHOD 
FOR OFDM SYSTEM RECEIVER 

Technical Field 

The present invention relates to an orthogonal frequency division 
multiplexing (OFDM) system, and particularly, to a fast Fourier transform 
(FFT) window position recovery apparatus and method in an OFDM receiver. 
Background Art 

FIG. 1 is a block diagram showing the configuration of a general 
OFDM system receiver. First, a symbol of an OFDM signal, when N 
subcarriers are used in the OFDM system, comprises N useful data samples 
output by transmission inverse fast Fourier transform (I FFT) and a_ guard 
interval having the lengths of G_samples inserted before a useful^ data 
interval to prevent interference between the symbols. Here, the guard 
interval copies the end portion of the useful data interval. A transmitter (not 
shown) adds G complex values to N complex values output by an inverse 
fast Fourier transformer (I FFT), and sequentially transmits a symbol 
comprised of a total of (G+N) samples. Here, the guard interval is generally 
longer than a delay spread time of a channel. For example, a European 
digital TV broadcast standard defines guard intervals having lengths of 1/4, 
1/8, 1/16 and 1/32 of an actual symbol length, and a transmission side 
selects and uses one among the above-described guard intervals. Time 
synchronization must be accurately performed to allow a receiver to recover 
a received OFDM signal. Time synchronization is comprised of FFT window 
position recovery for accurate parallel processing of a signal, and sampling 
clock recovery for sampling a signal having a maximum signal-to-noise ratio 
(SNR). A j-th symbol comprised of a useful interval and a guard interval 
which are output by an IFFT (not shown) of a transmitter is expressed by the 
following Equation 1: 

/V-1 -1 W-1 N-1 AM 

s = E x. = E E^,e w w + E Tx ik e i2nkn,N ■••(*■) 

' tv^G J -" n~G K--0 jM n*0 k=0 iM 
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wherein j denotes a symbol number, k is a carrier index, N is the number of 
effective data samples, and n indicates a sampling time. In the right side of 
Equation 1, the first term is a guard interval portion, and the second term is 
a useful data portion. 

s As shown in FIG. 1, an analog-to-digital converter (ADC) 110 samples 

a received OFDM signal. A symbol start detector 120 receives the sampled 
OFDM signal and detects a ^_start portion of a symbol^ A FFT window 
controller 130 designates a FFT window point in time to activate a useful 
data portion of a FFT 140 using the symbol start information detected by the 

10 symbol start detector 120. As shown in FIG. 2, the FFT window transmits 
only the useful data interval excluding the guard interval in a received signal 
to the FFT. Generally, the symbol start detector 120 of FIG. 1 detects a 
symbol start portion using either a correlation value between received 
signals or the quantized values of the input signals. However, the first way 

15 requires a maximum position of the correlation value between the received 
signals, resulting in complicate system realization. The second way provides 
a simple structure because of the 2-bit quantization. However, when a 
frequency offset defined as a carrier frequency synchronization error, i.e., a 
phase difference of e y(tl)c/+(,,) , exists, phase rotation of the input signal occurs 

20 to thus change the phases of a guard interval and the end portion of a useful 
data interval. Thus, a position having a maximum correlation value cannot 
be found, and symbol starting position recovery is thus difficult. 

Disclosure of the Invention 
25 It is an object of the present invention to provide a method for 

recovering a phase error of a FFT window using a power difference between 
received signals in a predetermined section in an orthogonal frequency 
division multiplexer (OFDM) receiver. 

It is another object of the present invention to provide an apparatus 
30 for recovering a phase error of a FFT window using a power difference^ 
between received signals in a predetermined section in an OFDM receiver. 
To accomplish the first object, there is provided a fast Fourier 
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transform (FFT) window position recovery method in an orthogonal 
frequency division multiplexing (OFDM) system receiver which receives an 
OFDM symbol comprised of a useful data interval and a guard interval and 
recovers a FFT window position, the method comprising the steps of: (a) 

5 converting a received OFDM signal into a digital complex sample; (b) 
obtaining a power difference between the digital complex sample output by 
the step (a) and a complex sample value delayed by predetermined 
samples, and detecting a position having a maximum power value between 
the samples, as a symbol starting position; and (c) activating FFT while 

10 moving the FFT window position using symbol start information detected by 
the step (b). 

To accomplish the second object, there is provided a fast Fourier 
transform (FFT) window position recovery apparatus in an orthogonal 
frequency division multiplexing (OFDM) system receiver which receives an 

15 OFDM symbol comprised of a useful data interval and a guard interval and 
recovers a FFT window position, the apparatus comprising: an analog-to- 
digrtal converter (ADC) for converting a received OFDM signal into a digital 
complex sample; a symbol start detector for detecting a power difference 
between the digital complex samples output by the ADC and detecting a 

20 position having a minimum absolute value of the power difference between 
the samples, as a symbol starting position; and a FFT window controller for 
activating FFT by moving the FFT window position using symbol start 
information detected by the symbol start detector. 

25 Brief Description of the Drawings 

FIG. 1 is a block diagram showing the configuration of a general 
orthogonal frequency division multiplexing (OFDM) system receiver; 

FIG. 2 is a concept view for explaining a fast Fourier transform (FFT) 
window in the FFT window controller of FIG. 1; 
30 FIG. 3 is a block diagram of a FFT window position recovery 

apparatus in an OFDM system receiver according to the present invention; 
FIG. 4 is a block diagram of the power difference detector 324 of FIG. 
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3; and 

FIG. 5 is a concept view for FFT window position search. 

Best mode for carrying out the Invention 
s Referring to FIG. 3, a FFT window position recovery apparatus in an 

OFDM receiver according to the present invention receives an OFDM signal, 
and is comprised of an analog-to-digital converter (ADC) 310, a starting 
position detector 320, a FFT window position controller 330, and a fast 
Fourier transformer (FFT) 340. Here, the starting position detector 320 
10 includes a power detector 322^--pt>wer difference detector 324, a slide 
window adder 326, and a maximum value position detector 328, 

Referring to FIG. 4; the power difference detector 324 of FIG. 3 is 
comprised of an N sample delay 410 and a power difference calculator 328. 
FIG. 5 is a concept view for FFT window position recovery according 
is to the present invention. 

Th e operation and effects of the present invention will now be 
described referring to FIGS. 1 through 5. 

First, an OFDM signal output by a transmission port (not shown) has 
not only noise but also a phase error or frequency error, and is a complex 
20 signal as expressed in Equation 2: 

Y (t) = s(t) • e yw+<t>) + n(t) ...(2) 
wherein s(t) is a transmission signal, a) 0 is a frequency error, § is a phase 
error, and n(t) is a noise. 

The ADC 310 samples the input OFDM signal as expressed in 
25 Equation 2, and converts the OFDM signal into digital data as expressed in 
Equation 3: 

Y(k) = Y (t). t = kT ...(3) 
wherein y(k) is a complex sample, y(t) is a received OFDM signal, k is 0, 1, 
2,..., and T is a rated sampling period. 
30 The symbol start detector 320 obtains a power differen ce betwe en _an^ 

input complex sample y(k) and an input complex sample delayed by N 
samples, and detects a position having a minimum powi^value^b.etween the 
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samples, as a symbol staring portion. That is, in order to remove the 
influence of a phase/frequency error (phase/frequency error between rfji) 
and r}(n+N) shown in FIG. 5), the power detector 322, as shown in FIG. 3, 
detects a power value P(k) of the complex signal y(k) as expressed in 
s following Equation 4: 



wherein y(^) 1 is an in-phase component of y(k) t and y(k) Q is a quadrature 
component of \{k) . 

The power difference detector 324 obtains a power difference 

10 between two samples spaced by N samples from each other. 

That is, as shown in FIG. 4, the power difference calculator 420 
calculates a difference between a power value P(k) output by the power 
detector 322 and a power value delayed by N samples by the N sample 
delay 410. Referring to the concept view of FIG. 5, a first block BLOCK1 is 

15 a sample value stored from an arbitrary position (0) to a symbol length 
(N+G), and a second block BLOCK2 is a sample value stored from the start 
point in time N to a symbol length (2N+G). If a guard interval (G) in the first 
block BLOCK1 is N samples delayed from the storing position by the N 
sample delay 410, then it is on the same level as the end portion of useful 

20 data interval (GO in the second block BLOCK2 having the same data as the 
guard interval (G). In the correlation between the first and second blocks 
BLOCK1 and BLOCK2, the sections G and G' are most closely correlated 
with each other because they have the same data. The residual sections 
hardly have correlation with each other because they have arbitrary data. 

25 Accordingly, the difference between a power value delayed by N samples 
and a power value of a received signal is "0" in a portion of the useful data 
interval having the same data as the guard interval (in the state of no noise). 
However, in the remaining portion, a positive or negative difference value 
(direction) between arbitrary sample values is generated. Here, when the 

30 positive or negative value is used without change, it is difficult to discriminate 
the guard interval from the other interval. Thus, the absolute value of the 
difference is obtained to take only the value of the received signal regardless 



...(4) 



WO 99/17493 



PCT/KR98/00300 



6 



of the sign thereof. The slide window adder 326 adds the power difference 
values output by the power difference detector 324 within the guard interval 
(G). The slide window adder 326 performs addition while moving a window 
from the start point in time 0 to a point of time N+G in units of one sample. 
As shown in FIG. 5, the output value of the slide window^adder 326 is 
minimum at a symbol start point in time (i). The minimum Value position 
detector 328 detects a sample position having a minimum value among the 
output values of the slide window adder 326, and detects the point of time 
with respect to the minimum value as the symbol starting point. 

. The operations of the power detector 322, the power difference 
detector 324, the slide window adder 326, and the minimum value position 
detector 328 can be expressed in the following Equation 5: 



Thus, minimum value position information detected by the minimum 
value position detector 328 becomes an FFT window moving value of the 
FFT window position controller 330. The FFT window position controller 330 
designates the position where fast Fourier transform (FFT) is activated by 
the FFT 340 using position information of the minimum value detected by the 
minimum value position detector 328. The FFT 340 fast-Fourier-transforms 
data generated by the ADC 310 according to a FFT window position control 
signal generated by the FFT window position controller 330. 

Industrial Applicability 

According to the present invention as described above, the influence 
of frequency and phase offsets is reduced by recovering a FFT window 
phase error using the power difference between received signals in a 
predetermined interval in an OFDM receiver, thus improving the reliability of 
a system. 
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What is claimed is: 

1. A fast Fourier transform (FFT). window position recovery 
method in an orthogonal frequency division multiplexing (OFDM) system 
receiver which receives an OFDM symbol comprised of a useful data interval 
and a guard interval and recovers a FFT window position, the method 
comprising the steps of: 

(a) converting a received OFDM signal into a digital complex sample; 

(b) obtaining a power difference between the digital complex sample 
output by the step (a) and a complex sample value delayed by 
predetermined samples, and detecting a position having a maximum power 
value between the samples, as a symbol starting position; and 

(c) activating FFT while moving the FFT window position using symbol 
start information detected by the step (b). 

2. A fast Fourier transform (FFT) window position recovery 
apparatus in an orthogonal frequency division multiplexing (OFDM) system 
receiver which receives an OFDM symbol comprised of a useful data interval 
and a guard interval and recovers a FFT window position, the apparatus 
comprising: 

an analog-to-digital converter (ADC) for converting a received OFDM 
signal into a digital complex sample; 

a symbol start detector for detecting a power difference between the 
digital complex samples output by the ADC and detecting a position having 
a minimum absolute value of the power difference between the samples, as 
a symbol starting position; and 

a FFT window controller for activating FFT by moving the FFT window 
position using symbol start information detected by the symbol start detector. 

3. The FFT window position recovery apparatus in an OFDM 
system receiver as claimed in claim 2, wherein the symbol start detector 
comprises: 

a power detector for detecting a power value of the digital complex 
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samples output by the ADC; 

a power difference detector for detecting a difference between a 
power value output by the power detector and a power value delayed at the 
interval of predetermined samples; 

a slide window adder for adding the power difference output by the 
power difference detector while moving the power difference values by every 
sample within the guard interval; and 

a minimum value position detector for detecting a minimum among the 
output values of the slide window adder. 

4. The FFT window position recovery apparatus in an OFDM 
system receiver as claimed in claim 3, wherein the power difference detector 
comprises: 

a delay for delaying by predetermined samples the power values of 
the digital complex samples output by power detector; 

a power difference calculator for calculating a difference between a 
power value of the digital complex samples output by the power detector and 
a power value delayed by the delay. 

5. The FFT window position recovery apparatus in an OFDM 
system receiver as claimed in claim 4, wherein the delay is delayed by a 
useful data interval. 

6. The FFT window position recovery apparatus in an OFDM 
system receiver as claimed in claim 3, wherein the minimum of the minimum 
position detector is a power value of a portion of the useful data interval 
which has the same data as the guard interval. 
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